
National Aeronautics and Space Administration 
Goddard Space Fl ight  Center  

Contract No. NAS-5-9299 

S T  .. PF - 10490 

E F F E C T  O F  RADIATION ATTENTUATION 

UPON THE MOTION O F  A RELATIVISTIC PARTICLE 
IN A UNIFORM FIELD 

by 

G. E. Gerac t  

(USSR) 

N 

0 

20 M A  Y 1966 

GPO PRICE $ 

CFSTI PRICE(S) $ 

Hard copy (HC) 00 
Microfiche (MF) - 5 - D  

ff 653 July 65 



. 

ST - PF- 10490 

EFFECT OF RADIATION ATTENUATION 

UPON T I E  MOTION OF A R E L A T I V I S T I C  PARTICLE 

I N  A UNIFORM MAGNETIC FIELD* 

Doklady AN SSSR, F i z i k a ,  
Tom 168, No.1, 6 3 - 4 ,  
I z d a t e l  's tvo  "NAUKA", 1966 

by G. E. Bernet  

\. S U M M A R Y  . 
The e f f e c t  of r a d i a t i o n  a t t e n u a t i o n  upon the  motion of a r e l a t i v i s t i c , :  

p a r t i c l e s  i n  a uniform magnetic f i e l d  is eva lua ted  by the  behavior  of  t h e  
t r a n s v e r s e  v e l o c i t y  components, for which the approximate equat ions  are 
der ived  . 

* * *  

When a charged p a r t i c l e  moves i n  a magnetic f i e l d ,  i ts energy de- 
c reases  because of magnetic bremmstrahlung (synchro t ron)  r a d i a t i o n ,  and 
t h i s  l e a d s  t o  t r a j e c t o r y  change. 

I n  the ca8e6, when the p a r t i c l e ' s  so journ  i n  the  magnetic f i e l d  
i E  comparable with the  c h a r a c t e r i s t i c  t i m e  of energy decrease 

T - m3c5 1 e4H2 

(as, for example, for e l e c t r o n s  in cosmic f i e l d s ) ,  one m u s t  t ake  i n t o  ac- 
count the  r a d i a t i o n  a t t e n u a t i o n  when determining the  t r a j e c t o r y .  

The p a r t i c l e ' s  equat ion  of no t ion  has the  form 

where t h e  a t t e n u a t i o n  force fT is c11 

Let us d i r e c t  t h e  axie p of  t h e  Descar tes  system of coord ina tes  

~- ~ 

* VLSYANIYE RADIATSIONNOGO TORMOZHENIYA NA DVIZHENIYE RELYATIVISTKOY 
CHASTITSY V ODNORODNOM MAGNITNOM POLE 
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along the  f i e l d  and denote 

o = eH I mc, 6 = 2/3e4H2 1 m3c5. (3) 

We s h a l l  express  4 i n  f r a c t i o n s  of 5 and the  energy E i n  f rac-  
2 t i o n s  of  mc : 

s = U / C ,  w = E l m 6  = I l v l -  u2.' 

Passing then t o  components and tak ing  i n t o  account t h a t  P = E v / s .  

we s h a l l  obta in  

It follows from (41, first of a l l ,  t h a t  
uL = const. (5) 

Taking i n t o  account (5) we ob ta in  from (4 )  the  equat ion for energy 

v a r i a t i o n  

where 

is the  limit value of IJ at t - t o o .  

The i n t e g r a l  of ( 6 )  is 

W = W,Gth (at I Woo + co). 
The constant  Co is determined from the  condi t ion w =  wo a t  t = O .  

It is appropr ia te  t o  express the  quant i ty  W,by the  angle 8 between 
the  i n i t i a l  ve loc i ty  and the  d i r e c t i o n  of the  f i e l d  and by t he  i n i t i a l  
value of energy. bsuming i n  (7) uz = uo cos 8 ,  and t ak ing  i n t o  account 
t h a t  wo = 1 /Y1- we have 

Taking advantage 'of  (81, we m a y  i n t e g r a t e  the  equat ions f o r  the  
t ransverse  components u, and u, 

ux = U ~ ( O )  e-&% sin (0% + TO), 
u y =  ul(O)e+"cos (oz+cpo), (10) 

! 
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where 

eo is the  i n i t i a l  phase; z is the proper t i m e  

U L ( 0 )  = lUX"0) + u*"O); 

It may be seen from (10) 

damp and become zero  at t - t w .  

t h a t  the  t r ansve r se  v e l o c i t y  components 

The proper time is a complex funct ion of 4, as d i s t i n c t  from the  
motion without t ak ing  i n t o  account the  r a d i a t i o n  f r i c t i o n ,  when z = t / wo. 
As a consequence of t ha t  the v a r i a t i o n  of ux and 5 with time w i l l  no 
l onge r  be harmonic, which should exer t  an i n f luence  on the  emission spectrum. 

The equat ions obtained are s u b s t a n t i a l l y  s impl i f i ed  when passing t o  
the extreme r e l a t i v i s t i c  case charac te r ized  by t he  c o r r e l a t i o n  WO >> 1. 

Outside a narrow cone around the  d i r e c t i o n  with an angle 00 - 1 / wo2 

we have from (9) woo NN 1 I sin 0. Then (8)  passes i n t o  
\ 

(12) 
-- I 

m u %  
-- + sin 0th (at sin e). 

Inasmuch BB t h x  p r a c t i c a l l y  attdns  its l i m i t  value at a value 
of s l i g h t l y  g r e a t e r  than the  uni ty ,  the  main energy 1066 w i l l  take place 

i n  a t i m e  
to - -1 / 8 sin 0. . 

I n  the  i n t e r v a l  OGtGto i t  is s u f f i c i e n t  t o  limit oneself  t o  
the first term of the expansion of t h x  i n  s e r i e s ,  so t h a t  

- I = - I + (sin2 6) 8C (t8 sin 8 4 1). w wo 

Hence it may be seen  t h a t  t he  energy decreases  by a f a c t o r  of two 
in a t i m e  --1 f w06sinZO. 

For the proper t i m e  we have i n  t he  same approximation 

S u b s t i t u t i n g  (15) i n t o  (lo), we shall obta in  the  approximate 

expression6 f o r  the  t r ansve r se  ve loc i ty  components. 
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